In addition, the figure is quoted in such generally used textbooks of organic chemistry as those by Richter, Bernthsen, Cohen, Holleman, and Molinari. I n spite of the impressiveness of the above list of references, it is interesting t o note that in all cases where any authority is cited for the figure 54' C. the reference is t o Merz and Weith.
Tvlatignon and Delignyj4 in 1897, found the melting point t o be 54.2' C. Stillman and Swain,5 in 1899, determined the melting point as 54'.
All the published determinations since that time, however, t o the best of our knowledge, point t o a lower temperature than 54' for the melting point. Bogojawlenski6 and Narbutt,' in 1905, by Owing t o the pressing nature of the question during the war, the investigation of the true melting point 1 Received December 20, 1920. 2 Ber., 6 (1873), 1511. 2 Jahvesb., 1864, 427. 4 Compt. rend., 126 (1897), 1103. 6 Z . Physik. Chem., 29 (1899) , 705. e Chem. Zenlr., (1905) . 11, 945. 7 2. physik. Chem., 64 While Merz and Weith mention, and apparently determined, the melting point of diphenylamine, in the tests carried out on diphenylamine to determine whether it meets the specifications the melting point is always determined by the solidification method, and not by means of the familiar capillary tube attached t o the bulb of a thermometer and immersed in a liquid bath.
While diphenylamine freezing a t 52' C. and higher was successfully manufactured on a large scale, the care required to achieve this result, together with a consideration of the nature of the impurities likely to be present, led us t o doubt whether absolutely pure diphenylamine could have a freezing point as high as 54' C., especially since in a previous investigation with a similar object the purest material obtained froze a t 52.85' C. It was, therefore, decided to undertake the preparation of absolutely pure diphenylamine, either by purification of the commercial product or by some synthetic method, and to establish its true freezing point beyond doubt. This program was not carried t o completion because of the relatively slight importance of the subject after the signing of the armistice, and while the work thus fell short of our original intention of establishing the true freezing point exactly, we have considered it w,orth while t o publish our conclusions as far as they go, together with the most important data on which these conclusions are based. Our conclusion is that pure diphenylamine has a freezing point within a few hundredths of a degree of 53' C. Our evidence in support of this view is summarized briefly below. cRYsTALLIzATIoN-Our purest diphenylamine was obtained by repeated crystallization of the commercial product. A number of solvents were examined as regards their suitability, including acetone, carbon disulfide, carbon tetrachloride, ether, benzene, toluene, xylene, aniline, and nitrobenzene, in all of which diphenylamine is highly soluble a t room temperature; methanol, ethyl alcohol, isopropyl alcohol, normal butyl alcohol, dimethylaniline, and acetic acid, in which saturation is reached a t room temperature with a diphenylamine concentration of 20 to 40 per cent; and the paraffin hydrocarbons, most of which dissolve less than 20 per cent at room temperature: Water was the only liquid tried in which diphenylamine is comparatively insoluble in either the liquid or solid state. The preliminary experiments with these various solvents (including ligroin, used by Mer2 and Weith) indicated that methanol could be depended upon t o give a t least as good results as any other, and in all probability better results than most of the solvents listed above. Methanol gave appreciably better and speedier results than any of the aliphatic hydrocarbons Apr., 1.921
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tried. I n some experiments i t was considered advisable t o include crystallizations from petroleum ether in order t o remove impurities which might be more soluble in this solvent than in methanol. A typical series of crystallizations will perhaps serve t o indicate the progress of t h e purification. Crude diphenylamine, freezing a t 51.7 ' C., was crystallized five times from methanol, the product a t this point freezing at 52.95' C. Crystallization of this product from petroleum ether raised t h e freezing point t o 53 " C.
Two more crystallizations from petroleum ether failed t o raise the freezing point. Crystallization from methanol of the material recovered from the fifth crystallization from methanol also gave material freezing at 53' C. I n another series t h e crude material was distilled, then crystallized from methanol, distilled and crystallized again, distilled and crystallized a third time, and then crystallized four more times from methanol. The second of these four crystallizations brought the freezing point t o 53 " C., but the two subsequent crystallizations failed t o increase it. It is of interest also t o note t h a t t h e material recovered by evaporation of t h e mother liquor from t h e last crystallization froze a t 52.98' C. All t h e temperatures were measured with a carefully calibrated thermometer and are corrected for stem emergence. While t h e work on crystallization included many experiments, the above results are typical of t h e best obtained and were based on a considerable amount of preliminary work. DISTILLATION-In addition t o the crystallization experiments, distillation with a column was tried as an alternative method of purification. After many preliminary distillations in glass, an iron column was finally constructed. I n a typical distillation with this column, about 16 kilos of crude diphenylamine gave fractions freezing a t from 51.35' up t o 52.5' C., and then down again t o 49.3' C. The fraction freezing at 52.5" C. amounted t o 600 g. (about 3.7 per cent of the total). The temperatures were not recorded in this run. I n a typical distillation in glass, a fraction freezing a t 52.5" C. distilled over a range of 0.5'.
The material used in this distillation was a fraction, freezing a t 52.2' C., obtained in a previous fractionation in glass.
with t h e object of confirming the results described above, either gave products freezing well below 53" C. or were discontinued because of the decreasing importance of the subject. Among these were attempts t o synthesize diphenylamine by unusual methods, none of which gave a product freezing above 53" C., even after careful crystallization, and a synthesis by t h e usual aniline salt method, starting with benzene purified with extreme care, and purifying the intermediate products and reagents by the best methods available in the literature. The crude material obtained from this latter synthesis, after simple steam distillation, froze a t 52.8 " C. Crystallization from petroleum ether raised it t o 52.85" C., and a second steam distillation and crystallization from petroleum ether t o 52.95' C., a t which point the work was discontinued.
OTHER METHODS-VariOUS other lines Of work, started
From a consideration of the results obtained as above, we have concluded t h a t the freezing point of pure diphenylamine is within a few hundredths of a degree of 53' C. and t h a t the results of Merz and Weith cannot be accepted as the true freezing point (or true melting point) of pure diphenylamine. If the true freezing point were 54' C., our purest product must have contained more than 1 per cent of an impurity with a molecular weight of not less than 100, or more than 2 per cent of an impurity with a molecular weight equal t o t h a t of diphenylamine. It would require almost 3 per cent of triphenylamine t o lower the freezing point by 1' C. It seems probable that Merz and Weith determined the melting point by the ordinary capillary method, which is known t o give high results unless made with extreme care. Without attempting t o review the literature completely on the physical constants of diphenylamine, attention may be called t o an abstract of an article by Vassilief,' giving the melting point of diphenylamine as 53.2" C. Unfortunately, the original article, which so far as we know contains the most recently published data in this connection, appeared in a Russian journal which is not available t o us.
I n addition t o the above data on our own preparations, freezing and melting points were determined on various purchased samples, as follows: All temperatures were determined with a standard thermometer and are corrected for stem emergence. The Kahlbaum and t h e Eimer and Amend samples were too small for a freezing-point determination.
The following work was done a t another laboratory. The diphenylamine used for t h e tests was washed once with distilled water, t o which a small amount of hydrochloric acid had been added. It was then thoroughly washed five times with hot distilled water, crystallized five times from ethyl alcohol, and dried by prolonged heating in a drying oven at a temperature slightly below the melting point.
Determinations of t h e solidification point were made on this material, and purity was considered t o be established when the crystals from three successive crystallizations gave identical solidification points, within t h e limits of experimental accuracy. The diphenylamine t o be tested was placed in a widemouthed test tube, which was inserted through a tightly fitting rubber stopper in a bottle of about 500 cc. capacity. The bottle was then partially evacuated. The solidification point was obtained by t h e usual method of warming the diphenylamine until all was melted, then allowing t o cool, careful observation being made of the temperature a t which solidification took place. A thermometer was immersed in the molten diphenylamine during the cooling, and the liquid was Vol. 13, No. 4 stirred vigorously meanwhile with a glass stirrer. The temperature fell slowly during the cooling until solidification began t o take place, a t which point the temperature remained stationary for a few minutes 0; rose slightly. The solidification point was taken a t the highest point of the rise in temperature, or a t the point where the temperature remained stationary for a brief time. If the temperature is read a t definite intervals of time during the cooling and solidification, as every 15 or 30 sec., and the observations are plotted on a curve, temperature against time, the solidification point is very evident.
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Working as described above, the following determinations were made and checked for the solidification point of diphenylamine, no determination being made before the material from the fifth crystallization had been obtained. I n the determination of the solidification point, the -thermometer was immersed in the diphenylamine to a depth of about 3 in. As the exposed portion of the thermometer was partly within the open test tube and partly unenclosed, two separate corrections for emergent thread were used, the total-correction being, of course, t h e sum of the two. This same diphenylamine, on which a solidification point of 52.96' C. had been obtained, was tested for melting point by the capillary t u b e method, and found t o melt a t the same point as t h e first lot of material, 53.05' C. The pure product was white in color with a mild pleasant odor.
M E L T I N G P O I N T
The material used as a starting point for preparing pure diphenylamine was a sample of good commercial product, of a light yellow color, melting a t 52.05O C. The crude material was purified as follows:
Five hundred grams of the diphenylamine were thoroughly washed with hot distilled water five times, t h e water being decanted off between treatments. The material was then crystallized five times from <ethyl alcohol, the crystals being freed from the mother liquor each time by use of a Buchner funnel. They mere thoroughly dried in the air a t a slightly elevated temperature, and then vacuum-dried over calcium chloride. The purification of the diphenylamine was assumed t o be complete a t this point, as the melting points of the dried crystals and of the residue obtained b y the evaporation of t h e mother liquor were the same. 53.05" C.
The determinations of the melting point were made b y the capillary tube method, thin-walled tubes being prepared by drawing out 12-cm. glass tubing. I t seemed desirable that the capillary tubes should have .an outside diameter of not more than 1.0 mm., as this had been shown t o be a satisfactory diameter in previous experiments. As the heat of fusion of diphenylamine is 26.3 cal. per g. it is more than usually important that the temperature of t h e bath be increased a t a very slow rate. The melting point was taken a t the point a t which the diphenylamine within the capillary tube became absolutely clear and transparent, without any suspended, unmelted crystals apparent. The majority of the above determinations on the final product showed 53.05' C. as the melting point, especially those determinations which were carried out most carefully.
I n order t o eliminate as far as possible any error t h a t might be introduced through the inaccuracy of the thermometer, two standard thermometers were used in checking t h e determination, one standardized by the U. S. Bureau of Standards and the other by the Physikalische-Technische Reichsanstalt. These thermometers were found t o check one another exactly after applying the corrections furnished by these authorities. The accuracy of their standardizations was checked also by redetermination of their respective ice points. Corrections for temperature of emergent stem were made throughout.
S U M M A R Y
The temperature generally quoted in the standard reference works for the melting point of diphenylamine is 54.0" C. All published determinations made within the last 15 yrs., however, indicate a lower temperature than 54' C. for t h e melting point.
Careful determinations on thoroughly purified material, using standardized thermometers, have shown the pure material t o have a melting point of 53.0' C . Two separate investigations of the freezing point gave results of 52.96' and 53.00' C.
Platinum Theft
During the night of Monday, February 14, 1921, three platinum crucibles were taken from the laboratory of the Pacific Coast Steel Co., San Francisco, Cal.
Two of these crucibles were marked Baker& Company, and weighed 12.1592 and 12.1617 g., respectively. The third was marked W and weighed 11.6668 g.
